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A CONTRIBUTION TO THE ‘‘CHEMISTRY OF ALUNITE.”

By H. BowLey,

Assistant Mineralogist and (hemist,

(. ]?(J”(]’ 1'!'1[]? Aqﬁf)ﬁg;”])e.}-! 102“.*€)

The total disappearance ol all forms of potash for fertilisine
purposes from the Western Australian market doving the past few
vears, and the msistent demands of finit-growers and market carv-
deners for supplies, have led to an investigation hetny made ol the
various potash-bearing wmincrals ot this Sate in the Geological Sur-
vey Laboratory ol Western Australia with a view to supplving this
need.  Many of (he results of this investigation have already heen
published by D, K. S, Stmpson in an official bulletin “Sonrees of
Indnstreial Potash in Western Austealia”

It has heen the anthor’s privilege {o more fully investigate the
chemieal properties of alunitea basic sulphate of potash and
alumina—a mineral which oceurs in large quantities n this State
and gives most promise of yvielding commercial supplies ol potash.

The resnlts ohtained are of sullicient nuportance to he sel out
ur detail, both as supplving data as to the chemieal properties of
{the mineral for the information of mineralogists, and as supplying
information which, it is hoped, will reculate the practice of nsing
{he mineral as a source of potash for agriculiural purposes.

A conmplete isomorplhous series of minerals is known, ranging
from practically pure W,0.3ALO A4S0 G110 to practicaly pure
N, 0.3A1,0 480, 611,0. Commercially, any member ol this series
containing an appreciable  amount of potazh is known as alunite.
Sirietly, only those members of {he series lyving betweeu the pure
potash compound and the mineral containing equal wolecules of
potash and soda would be alunite, whilst an excess of soda molecules
over potash molecules would Indicate the mineral known as natro-
alunite.

The wmost importaut deposits of alunite in Western Anstralia
are situnted at Kanowna and are dealt with very fully in Bullefin
No. 77 of the Geological Survey of W.A. The following remarks

* By permiszion of the Director of the Geological Survey of Western Australia,
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aid  rvesults apply to experiments, efe., carried out, exeept when
otherwise stated, on the nianeral from that locality.

The Kanowna alunite 18 a white, firm, finely c¢rystalline mass,
resembling somewhat in appearance a compact clay, for which it
might readily be mistaken. It hreaks, when lreshly mned, with a
typical snap smuilar to the breaking of a biscoit,  After exposure
to mr for a few days in a comparatively dry atinosphere muny
specimens of the nimeral disintegrate into a fine powder, due to the
presence of admixed salts. 1 allowed to partly dvy and then avain
wetted, it shows a tendency to soffen and erumble; fhis is probahly
due to partial dehydvation and then absorption of water by the
colloids (7.e., clay, cte.) present.  The mineral 1s extremely porous
and tests carried ont on sceveral pieces dried at S0°C. cave 22.0
18,1 and 10.8 per eent. of water absorbed by weighf, the air space
by volume heig 58.3, 48.0 per cent., and 28.6 per cent., respectively.

The powder, under the wmicroscope, appears as minute, colour-
less, transparvent. cubical grains, whicli have been determined hy
The, Simp=on as “notl true cubes of the isometiic system, hut rhom-
boliedrons approsimating to cubes.,”  This is shown by (heir optical
properties, the erystals being anisotropic with diagonal extincbion.
The individaal erystals are very mnule, ranging in size from 3 to,
at. the most, 10 microns. The speeific gravily was determined in
methylene iodide and proved to he very close to that of qnartz, viz,
2.65. The refractive index was determined by mounting some of the
powder on shides with liquids of known rvefractive index and ex-
amining them under a mievoscope.  The nnneral agreed with that
of oil ol cassia, having a refractive index of 1.08.

The vefractive index allords a simple and ready weihod for {he

detection of alunite by jmmersion,  The mean vefractive ndices of
ninnerals resembling alunile m appearance are

Kaolin . . .. Lhd

Onarty, V. .- . .. LAY

Serieife . . .. wo ST

(‘aleite .. - .. .. 1.601

Magnesite ., N. - c 172

The alunite from Kanowna is invariably associated with appreecrable
amonnts of waler soluble salts and a liftle quartz, kaolin and iea.
The erapirical formula for alunite is—

1,0, 3A1,0,.480,.611,0.

which mayv be represented as I,SOLAL(SO), 4A1(OH),. hut for
reasons whicl will be dealt with later, would Dhe more corrvcetly

written as LSO JHHOANSO SATOH),.
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Dr. Simpson suggests the following  siructural formula for
alunite :—

K

/
O
TTT T

\
)
I

Plate TX.—Structural formula for alunite.
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EFTECT OF DRY HEAT.

The commercial utilisation of alumte i the past has heen
baged on the formation of potash alum through the dissociation
of the mmeral by heat aund then by wetting the roasted produet,
e theory of the process needs verifieation and, m the opinion
of the anthov, the elfeet of heating aluntte 1s nof to form a true
alum, but a basie sulphate of atumina and alkalis, The following
experiments were carrted out with a view to ascertaining the effect
of dry heal at varving temperaiures:—

100° Centigrade.

The sample of alunite (D) used in this experiment was erushed
to pass a 30 wmesh scercen, the major portion passing a 90 mesh.
The mineral was dried i a water oven at 98°C. (o remove hyvaro-
scopic water, cooled, and then weighed: Tt was then reheated for
one hour and acain weighed, the loss bemg cqual to 0.01 per cent.
1t was again placed in the waler oven for two hours and the weight
again taken, showing a loss of only 0.002 per cent. It 18 evident,
therefove. that at the above temperatuve. the mineral i prac-
tically unaflecied.

200° Centigrade.

The mineral nsed in the previous experihinent was heated fo a
jemperature of 200°C and weighed; it was again heated for one
howr at 200°C, and again weighed. No loss al all was vecorded.
Alunite is, therefove, unaflected at femperatures up to 200°C.

300° Centigrade.

A sample of alonite (D) containing 0.42 per cent. ol hiygro-
scopic water was heated fo a temperature of 300°C,, and showed a
loss of 0.4 per cent.

The mineral is, thevetore, unaflected at temperalures up fo
3007,

A18° Cenligyrude. :

One gm. of a sample (1)) coutaining 99 per cent. alumite, was
heated in a eas muffle gradnally to the temperature of (lie melting
point of puve zine (418°C.). To prevenl any oxidation of the zine
indicators, the metal wag enclosed in sealed combustion glass (ubes,
The heating was stopped as soon as the zine nelted, the charge
cooled and weighed.  The tesls were repeated anfil a farther loss
NIE 111&]1])1@(-1L11)T(J

The suecessive losses in per eent. noted were:—2.56 per cent.,
5.00 per cent.; 5.80 per cent.: 708 per cent.: 8.34 per cent.: 8. ))
per cenl.; 9,280 per cent.; 9.42 per eent.r 965 per centl; 907 per
cent.

The tolal loss recorded was equivalent to 435 mols. off water,
if it was water only, and not a mixture of O and SO..
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- du order {o ascertain il anyv of the sulphur trioxide was vola-
{iltsed, the residue was dissolved in 5 per cent, caustie soda solution,
the sniphur content of whieh was known, and the sulphur trioxide
determined. The resultz proved {hat there was no appreciable loss

of S0,

NaOH soluble SO, in raw mineral  37.09 per cent.
NaOlLl soluble SO, in mineral after

roasting - . o .o o696,

The voasted mineral was readily solnble in lukewarm 5 per
cenl. NaOIl  solution, whilst the raw mineral required several
minutes on a waler oven to complete solution,

The roasted mineral was only very slowly attacked by water,
a portion of it dissolving ard at the same time producing a volu-
minoug precipitate ot aluminionm hydrates, A sample of comwmer-
cial potash almm ignited at the smne temperature proved to be
fairly readily solnble in warm wuater and only prodneed a shight
precipitate.  The foregoing sugwested that, on roasting alunite at
thie temperatnves mentioned, a basic sulphate of ahwmmninm  was
formed, whicli, on the addition ol water, hydrolysed and pre-
cipitated alumininm hydrate. It was considered possihle that the
precipitate formed may be a basie sulphate of aluwininwm, but, on
dissolving it in hydrochlorie acid and adding barinm chloride sola-
{ion, only {races of sulphates were detected.

The reactions faking place at this stage may be expressed
thus :—
2 | K,80,- SHOAISO,  3A1 (OH), 1 heated — >
Molecular weight. 165824,
2 K,SO,-GHOAISO,-3A1,05 + 9H,0
1496 06 162-18

On the addifion of water to the roasted product the basie sul-
phate formed dissociates, precipitating aluminium hydrate, leaving
almnininm sulphate in solufion, thus:—

GHOAISO, = 2A1,(80,), - 2AL(OH),

Basic alu- Aluminivm Aluminium
miniunt sulphate. hydrate,
sulphate,

The completed equation for (he formation of alom from roasted
alunite 15—

21,80, 4+ 2A1,(80,); + 4SH,0 —> 4KAKSO,), 48H,0

Potash Alwm.

Al ig not formed by roasting bhut onlv by a subsequeni series of
reactions alter the addition of water. 1 therefore appears that
{he effeet of heat af the above temperatnre 18 to remove the water
immediately attached to the alumininm, shown in the formula as
altached to the potentially free alumina.



D25° Contigrade.

Two separate lots of the mineral were then heated i a siilar
tanner o a temperature of 525°C the welting point of stibmte,
a natural sulphide of antimony.  The resnlts obtained were as
Iolony i —

Al B.
Mincrzl 2 gms, I gm,
0/ 0
) IR
Loss ... L0762 s, 3-8l .11
876, 438 1301
1632, 8-16 13-04
230G, 11-98
2513 12- 565
SAH60 12-845
L2602, 1301
2612, 13-06
2616, 13- 08

T the Jivst sevies the healing was gradual, the fest hetng withdrawa
as soon as the wdieator meled, weighed, s reheated to the same
lemperature, the process being repeated uniil the loss was map-
preciable. The fest in the second series was allowed to remain in
the Turnace several minntes after the wmelting of the stibnite.

The loss fonnd in botl eases is equal (o {he tolal water present
and the vesidue showed practically no loss of SO The residue wag
partly soluble in water, forming at the same time a sticky eela-
finous mass,  On warming (he water extrael o hulky precipitate of
almininm hydrate was Cormed.  The equations are:

2 [K,S0,3HOAISO,- 3A1 (ON),] heated —=
2,80, + 3 0Al, (80,), - 3A1,0, 4 12H,0.
The theorelical Toss fo satisty (his veaction is 13.04 per cent.

On-adding water 1o the roasted produet. and warming, almminium
hydrate is precipitated and pofash alum tormed in solntion.
3 OAl, (S0,), - 3H,0 —= 241, (80,), 4 2Al (OH),
Aly (SO4); 4 KuSO, - 24H,0 = 2K Al (S0,),- 24,0,
The reactions proved by those experiments differ From those
hitherto aecepted. Thns Waceaman® states——-
on heating 1o o modevate temperature (500° (L) water is driven off and the
ntineral decomposes tnto alumina and potassiuin sulphate.
He makes oo mention of the formation of a hasie sulphate of alu-
wina but states, infer afig, that, in Haly, for the production of alum

after caleining the ore at low ved heat............... it is exposed in the air for
several weeks or months, being moistened with water from time Lo time.........

The venctions are vepresented thus -
(1) K,O03A1L,0,450,6H.,0 2KAL (80y), - 2ALO, - 6H,O
(2.) 2KAl (SOy), -+ 24H,0 2KAl (80,),-21H,0,

* U8 Dept. Agrie. Bull, 415, p. 2.
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L. Sorel®, whose description of the Ta Tolla method of treat-
ment of alumte 18 the most detailed on record, says:—
The treatinent of the alunite rock beging with a very moderate roasting, which
: : o Y Mot & WG
by dehydrating the excess of the alumina, renders it insoluble,  DBut it is
neceskary to be very caveful not to pnsh the temperature too far, for the sul-

phate of aluminium wonld be partially decomposed and would set free a mix-
ture of sulphurons and sulphuric anhydrides with oxygen.

It is probable, when the proportion of sulphuric acid is greater than that
which corresponds to the quantity of alun equivalent to the potash present,
that there is formed, under the action of heat, an insoluble hasic sulphale
of aluminium, GAl 03 2504t Under the action of a temperature sufficient
to liberate the vapours of sulphuric anhydeide, one would ohtain potassium
sulphate in cxcess, alumn, and a still more hagic sulphate of alumininm, TA1,04:

580,.

IFromt the resalts obiained by the writer, it appears that on
heating alunite at temperatures up to H00° Centigrade, frec potas-
st sulphate and a basie sulphate of alunminium arve formed and
not an anhydrous alnm, Tlis would also explain the neeessity for
exposing the caleined mineral to air and moisture for niany weeks
for the production of potash alum alter caleining al the ahove tem-
peratures.

SO1° Cenligrade.
On heating the nnneral to a temperature of S01° C. (melting
point of eommon salt), the whole of fhe water and three-guarters

of the sulphur trioxide is driven off, leaving a vesidne of polussin
snlphate and almnma.

One oram of the mineral heated 1n a gas mulile at the above
temperature gave the following losses:—
(1 (2)
41,44 41.76

The equation is
K,S0, 3HOAISO,- 3A] (OI), —> K,80, - 3A1,0, + 380, + GH,O.

In this and previous qunfaiim]%, Na,~S0, 1'e])lzwoq IS0, to an extent
proportional to the Na whieh subslliutm X in the mw'nml mineral.

The theovelical logs to satisly this eqnation 13 2.0 per cent.

The potassium sulphate formed iz readily dissolved in water
and the solution Sh()\\'b no tewdeney to produce w precipitate on
warming, With a view to determining the conditions under whiel the
whole of the potassium sulphate could he Teached ont of (he ealein-
ed mass, several lots of the alunite ore were caleined under sunilar
condittons and leached with water for varying lencths ol tiwe,

# ] Grande Todnstrie Chemigue Minerale, p. 716,
T 2 is probably a misprint in the original for 5.
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the potash and soda beiny determmined n the filtered extract.  The
results obfained were:—

(a) Half-gram of mineral, roasted, moistened with 50 ece
cold water and let stand overnight; the solation was decanted
off, then 50 ce. of hot water added, warmed for one hour on waler
hath, filtered and washed with hot water.

(b} TIlalf-gram of mineral, roasted, {aken ap with 50 ce. hot
water, allowed to stand on water bath for one hour with frequent
stirring, decanted and retreated for a further hour with 50 ce.
water, filtered and washed with boilling waler.

(¢) Half-gram ol mineral, roasted. taken up with 100 ce. hot
water and allowed to stand on water bath for 5 hours with oceasion-
al stirring, then decanted and treated for a Forther 5 louwrs in a
similar manner, then filtered aud washed.

(1) Halt-gram of mineral, rvoasted, taken ap with 50 ce. of
water, allowed to stand for one Lour on a water bath with fre-
quent stirring, then filtered and washed with beiling water.  The
residue was then transferred to the beaker and retreated for a
further howr under similar conditions, again filtered and washed
and thenr again retreated.

Potash. Soda.,
0:) Ok'j
{a.) i 4£-95 2-92
(h). e 4096 2-94
(c. wee D00 290
(d.) Tirst extract o 466 2-767
Second extract ... e 036 [5-02 18 [2-94
Third extract vee traces traces

These figures show that after caleining the nineral at 800° C. the
potassivan sulphate formed is very readily soluble w warm water.

Another sample (D) of high grade alunite, giving an ignition
loss of 41.44 per cent. gave the following figures:—

2 hours leach- 3 hours leach-

ing. ing,
100 ce. water 100 ce, water.
% oy
NaCl 4 K 16:18 16-20
K.,0 710 7-10
Na,O 2-54 2.55

060° Centigrade—To determine the effect of over roasting
in the presence of eommon impurities, one hall-gramme lot of a low
orade alunite ore was heated to the melting point of silver (960°
(') and the results showed a loss of water soluble potash due to the
fortnation of an insoluble potassium compound, probhably a potas-
sinm  alwmino-silicate, by iuteraction between the first [formed
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potassimm sulphate and the associated silica and silicates. The re-
sults obtained were:—

Calcined ab Calcined at
§01° C. 960° C.
(08 o/

. A1) /Q
Tgnition logs 20-08 30-54
Water soluble Totash, K,0 ... 4-02 3-70
Water soluble Soda, Na,0O ... 2-49 2-92

The increased ienition loss in this ease is due to the dissociation of
the potassium and sodin sulphates.

SOLUBILATY OF ALUNITI.

The production of water soluble potash from aluniie for fertil-
Ising purposes by roasting has proved to be a fairly costly process,
entailing the employiment of an extensive roasting plant.  The fuel
consumption has been fouud to be excessive owing to the faet that
the reactions taking place are endothermic; and the necessity of
Lkeeping the temperatnre within cowmparatively narvow limits 18 a
severe tax on the staff,

Owing to the faet that very little information was obfainable
showmg the solubility of the mineral i1 various reagents, the fol-
lowing experiments were eartied out with a view fo ascertaining
it some eheaper method conld be evolved for rvendering the potash
available as a plant food.

SOLUBILITY IN WATER.

The only direct references to the effect of water npon alunite
which conld be found were those of Wuggaman and Caollen™
and of Junes,t who both say that alunite is “insoluble m water.”

[n view, however, of the rapid solution of alunite by caustic
alkali golution, it appeared probable that its solubility n pure water
was appreeiable,

The material chogen for this test was sol't and porous, 1t
was over 99 per cent. pure, comtaining K, 0O, 7.56 per cent: Na,O,
256 per eent.; the impurities being quartz with traces ol kaolin,
wuseovite, lmonite, ¢psomite and common salt.

This material was erushed to pass a di0-mesh sicve, the major
part passing also a H0-mesh sieve.  One gramme was placed in a
silica beaker, covered with 100 c¢e. water and stivred al frequent
intervals with a plalivim vod. At the end of one day the soln-
tion was decanted through a small dense fillter and the liltrate
evaporaled to dryness in o weighed platinuny dish, dried at 2007 C,
and weiched,  Thercafter the process was repeated four times, the
fength of standing being inereased to two days, but the same grammne
ol ore and the same filter was used {lroughont.  The temperature
raneed from 15° (L to 25° (', an averawe of 20° . Owing to
the tendency of nmeh ol the finest alunite to (loat on the sarface
ol the water, there should be no doubt as to the saturation of the

* .8, Dept., Agric. Bull, 415, p, 2.
t Comin, of Aust, Adv, Coune. of Seci. and Tnd.,, Bull. No. 3, p. 9,
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solution under these conditions.  The weialit of the extractions
was corrected by a blank on the distilled water nsed.  Owing fo
the laet that this contamed a httle organie watter the (inal weigh-
ings were made affer heating o a temperature of ahout 400° O,
which was sullicient to drive off this orgame matter and dehydrate
the altnite taken into solution. The first extract (0.0048 om.)
contained the greater part of the associated epsomite and salt.
The seeond extract contuined a little, and {he thivd probably traces,
but the Fourth and fifth should not have been contanmimated.  The
solubilities =shown by these two were, i 100 ce

dth  0.0003 gramnes.

5th 0.00025
The mean solubility, thevelore, ol alunite mm 100 ve of puve water at
20° C.oas 0.00027 arammes,

This is of the same ovder as that of barile (BasS0,), which 18

0.00025 eramnies. :

SOLUBILITY IN CAUSTIC ALKALLS,

No wention 15 made by Dana and Teeroix, two well recognised
authorities on mineralogy, of the effect of solutions of WOIT and
NaOll upon alunite.  Janes® says “It i readily soluble 1 caustie
alkalis,”

The malerial used in (hese experiments was $) per cent pure,
contaimug 7.56 per cent. KO and 2.50 Na,0, the impurities heing
a little quartz, kaolin, and water soluble snlphates.

One hall gramme lots of the mineral werve (veated with dif-
feren! streneths ol NaGID solution for varying lengths of time
and al different temyperatures, heing stiread well from time fo time.
The solutions  were then filtered and washed well with hot water;
the filtrates were just acidified with hydroehlovie acid, boiled to
expel any (O, present, then sulficient barium ehloride added and
the solutions allowed {o stend for a Tew hours.  The harinm sal-
phate was fillered off and weighed and caleulated as SO

The SO, was determined in a blank on the reagents used and the
S0, Tound plm the water solnble sulphates present in the mineval
deducted from the fotal.  The SO, dissolved was then ealenlaied a3
alunile Trom a factor found by detemining the total insoluble SO,
in {he sample. The fienres obtained were as follow:-—

1 per cent. NaOIl Solution.

Alunite Sodium Solution.  Tempera-  Time, Alunite
taken, in ture. dissolved,

Solution, CC. Yoo

0 Hem. 02875 H0 20° C. 2 hrs. [\(8i0

0« Hont. (- 2875 H0 20° (. 4 hrs. 30-4

0- Sam, () 2875 a0 91° C, 2 hrs. 98- 6

5 per eent, NaOll Solution.
0- Sem, 1-4375 50 20° O, 2 hrs, 84-3
0- Sgm, 1-4375 50 91° €. 20 mins, 100-0

= Comm, of Aust,, Adyv, 7(7.,‘0171110. of Sei. and Ind,, Bull. No, 3,
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The cquation for this rveaction is:—

K,80,-3HOAISO,- 3A1 (OH), + 12NaOH —= K,S0, - 3Na,S0, -+
3Na,Al,O, + 12H,0
The whole of the produets of this reaction are waler soluble.  The
resulls slhow that alunite is readily dissolved hy warm dilute solu-
tions of caustie alkalis, a process whieh provides a most satislactory
wethod for getting the mineral into solution.

The effeetive agent in this reaction is the high concentration of
hydroxyl ion which produces aluminate ion at the expense of the
hasic alnmimium salt.

A. J. Robertson’s experiments on IKalgoorlie natroalunite, made
i the Geological Survey Laboratory in 1915, showed {hat this
mineral passed wholly into solution on warning f'or 20 minutes
witlhh 5 per cent, KO solution.

SOLUBILITY IN SODIUM CARBONATI.

No refercnces were obtained showing the effect of soditm ear-
bonate solutions on aluntte. Wuowing that caustic alkalis exert a
very rapid solvent effeet, and that sodium earbonate hiydrolyvses freelv
in waler, experiments were carried out with a view to defermining
tlie solubility of alunite in sodium earhonate.

The solution used in these experiments contained! the same
amount of’ sodiinm as that in the case of the eaustic sada tesis. The
temperature and time of cxperiment were also the same, so {hat
the results as {o rate of solubility would he compavable. The materiul
also was that used m the caustic soda testz and was (reated in ex-
actly sumilar manoer.

1.325 per cent. Na, ('O, Solution,

Alunite. Sodium in  Solution.  Tempera-  ‘Iinie. Alunite

Solution. ture, digsolved,

ek o
0- Sgm. (- 2875 50 20° C. 2 hrs, 013
(- 5gni, 0-2875 50 207 (. 4 hrs, (335
0-5gm. 0-2875 50 91° ¢, 2 hrs, 43853
6.625 per eent. Na, ('O, Solution,

0 5gm. 1-4375 50} 20° C. 2 hrs, L-09
0 3zm. L-4375 50 91° C. 2 hrs, 7160

It will be noted that Nu,CO, has very little effect on alunite in {he
cold, but the atlack iz considerably inereased in warm solntions,
From this it is appavent the solubility is due to the hiydroxyl 1ons
present, the Na,('0) Livdrolvsing fo form NaOH and 1100, The
reaction may he expresscd thns: -
NayCO;3 - HOH = NaHCO,; + NaOH = 2Na*+ (HCO,) + (OH)
NaHCO; + HOH = NaOH + H,C0, — Nat4 (OH) + H,CO,
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SOLUBTEITY IN CAUSTIC LIME SOLUTHONN,

I view ol the vapad and complefe soluhion of alumite e eausiice
alkalis, and 1o obtain o cheaper and more readily available solvent,
the offeel ol caustic Tinte solutious, wineh also contain a consuderable
concontialion of hvdrosyl 1on, were tried on the mineral.

The waterial ased Cor the preliminary fests was 99 por eenl.

pure, contmning IN,0, 756 per cenl.; Na,O, 256 per eent. The
nporities were maindy quartz and kaolur with small amounts of
epsomite and salf,

Several grmmme lols ol the mineral  were  placed in guariz
beakers with 100 ¢eo ol waler and 0,25 gm. ol {reshily barnt Thne,
The solntions were stiveed oceasionally and allowed {o stand i the
cold Tor periods ol one, two, and eighl days. The solntions were
[hen liltered and the polash and soda estimated in (he extrael. Tt
way nobiced alfer one day that a hualky gelatinons preapitade was
Foried, (uite distinet in appearance Frone the ovigimal alnuite. This
proved on exantination to be ealacinm alwminale. The resulls ob-
tained were—

I’otnsh, Sodda,

8] 18}

t) S0
Originally in Sample » 7-56 256
In solation after one day's breatment 0-71 115
1n solution alter two days’ Creatment 1-09 26
In solation alter eight days” Dreatiment ... b-16 1-45

These fignres were cousidered  so salistaciory  that arvangements
were made o earry ond aosystemalie series ol experiments, the ve-
sulls ol which are shown helow,
These fests wore earvied ond on three separate lots of fhe min-
eral contmming the Tollowing amonnis ol
1 4 3

Alunite {).")-7{}:“) 965 HH a7 31
Total Potash G- 46 8- 04 708
Total Soda ... 362 AR 2 ()

The samples were erushed fo pass a 30-mesh sieve, the greater pov-
ion of which would pass a 90-mesh sieve.  One half” gramme of (he
mineral was placed ina resistanee ask with 400 eeo ol a I'eshly
prepared solntion contaiving the amount ol enleium hyvdrate shown
in ihe {able. (The solubility off Ca(O1D), in waler s L7 wins. per
hive)  Several picees of glass vod were placed i the fask wineh
wag Then Tightly stoppered with o waxed cork and (he fests shaken
vicoronsly from e fo fime. At the expiration ol the e allowed
(he preeipitate was filfered off, well washed with bot water, and {he
polash and soda which had passed into coltfion estimated by the
platinie-cldoride method.

[ was noliced that in the ease of freatment with eaustie allkalis
the almile goes complefely into solufion, but with canshic hime a
bulky precipitate was formed,  This precipifale was exannned alter
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washing well to remove all the caleium sulphate, and found to con-
sist of ealenm almninate and undecomposed alunite.
The results shown in Table [. were obtained by f{reating the
0.5 g, of the mineral with 0.5308 ems. of canstie lime, which is con-
siderably more ihan necessary to satisfv the following equation, the
theoretical gnantity being .2029 ems. of (‘a0 or 0.2679 Ca(O)..
K,S0, 3HOAISO, - 3A1 (OH), 4 6Ca (OH), —>
K80, + 3CaS0, +3CaAlLO, + 12H,0.
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The above fignres proved that almost saturated hat still wenk

(one-fiftieth normal) solution of Ca(OH), wuder suitable condi

fions, completely decomposes alunife, all the potaslh going into solu-
fiomn.



A second series of tests were lhen carried out to ascertain
the effect of still more dilute solutions of eaustic lime on the mineral,
The amount of Ca(O1), W this approximately ecutinornal solution
was far below that regnired for a saturaled solntion and shehtly
tiore than was necessary to satisty the foregoing equation.

It will he seen that the quantity of mineral used in this series
of experiments was 0,45 oms. as against 0.5 gms, in the first scries,
This was only o watter ot convenicnee in keeping the hulk of eaustic
lime solution at 400 ce., at the same thue eiving  an  appreciable
amount of Ca(OLL), over that required by theory, The awmount of
canstic lune used was eqnal to 0.3152 oms. for 0.5 ews. of alunite,
which 15 .0493 ewms. exeess of the awount reguired to satisly the
cqnation shown above,

KANOWNA ALUNITE.

at 300° C.
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[t 1= highly probable that 1 facilities be available for the re-
moval of the cud produets of the reaction as they arve forwed, the
solubility ol the mineral would be considerably nereased.

In order io ascertain the solubility of alunite m lime with wmini-
mnm amount of water, an experiment was carvied out on 1lb. (4533
ramns) ol alunite containing 1,0, 7.84 per cent.; Na 0, 272 per

[
o

cent., crushed to pass a 10-mesh sereen, mixed with Talh, (220

grams) lime (Ca() and one gallon of water. It was allowed to
stand for two days with occeasional stirving and then filtered, the
solution being evaporaled to small bulk to remove the caleimn sul-
phate, agam filtered and evaporated to dryness. The yvield of erude
potassinn and sodinm sulphates was 0.12051bs. (5L0 grams), equal
to 70.1 per cent. of the potash and soda present in the ore

These results are of the ercatest value in the utilisation of alu-
nite as they indicate a eheap and veady method for converting the
potash of the mineral into a readily available form, and T commend
{hem to the sermous consideration of agrienltural chemists.

SOLUBILITY IN CALCIUM CARBONATE SOLUTION.

No record could be found of the effect of e¢aleium earbonate on
aluntie.  Owing ta the highly satisfactory results obtained by (the
treatment with caustie lime solutions and also to the faet of the gen-
eral use of carbonate of Tnue in agriculiure, it was considered ad-
visable to carry out a systematic series of tests witlh solutions con-
taining culeium carbonate.  The solubility of caleinm eavbonate in
water 18 very low, but caleinm carbonate in solution hydrolyses,
formimg ecaleinm hydrate and caleinm bicarbonate, both of which
have a greater solubility in waler than uormal ealenun carbonate,
but are included in the solubilily, viz, 0.013 grawms per litre, of
(aC’0, in water.

The mineral m each case was placed in flagks with 400 ce. of
water aud 0.716 gms, of pure precipitated caleinm earhouate added:
the flasks were stoppered with waxed corks and kept cloged during
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0-4

the whole time of the extraction. The tests were shaken vigorously
from time to time. "The vesults obtained are shown in Table 17T
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The results are highly satisfaclory m that they show that the
alunite is attacked by solutions containing calelnm carbonate, potas-
sitim  sulphate going into solution.  The action 1s considerably
slower than that of eaustic lime solutions, but there 1= little doubt
that in time the effect wounld be the same as ithat of calaum hiydrate

* BSeluble in water after caleining the mineral ag &00° (.
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solulions, Tt is considered that had [acilities been given for the
removal of the free carbonmie acid formed in these experiments, the
reaction would have been considerably aecelerated as the hydrolysis
of the caleinm carbonate wonld have heen increased.

SOLUBILITY IN HYDROCHLORIC ACTD.
Very few authorities give any information recarding the cffeet
ol hyvdrochlorie acid npon alunite.

Rammelsherg®, however, referring to (rue alunite, says: “Is
dissolved with diffieulty by hydroehlorie acid,”  Janest, on the con-
travy, sayvs: “Alunite 18 insoluble in hydroehlorie acid.”

As long ago as 1914 My, A, J, Roherison proved in the Geo-
logical Snrvey Laboratory that the natroalunite from the Mariiana
Lease at Kalgoorlie was quite appreciubly attacked Ly warm hydro-
chlorie acid, and that wm fact, it was altacked ap proximately with
the same rapidity as erysialline haematite.  The results obtained hy
m on Sample “B,” quoted previously, containing 56.52 per eent.
of SO, with 1,90 per cent. of Na,0 and 2.46 per cent. of IK,0, are
as follows:—

sulpiur trioxidcl . :
Sul) Nature of insoluble

passed into Method of Solution.  Time. Yesidue
Solution. L
' min.

F-35 Warnmed with 58 HC1  10-15 White.

352 Warmed with 10m H('G 10 White,

6- 52 Warmed with 108 [1C1 20 White.

20-38 DBoiled with 10w HC1 30 White,

36-52 Warmed with 5°, KOH 30 Brown coloured resi-

duc and silica,

Later experiments carried onl on Kanowna alnnite samples,
13

contamming 37.32 per cent. of gulphur trioxide gave the followine
Aenres —

Sulphur trioxide l . i
11;1.55;0(1 into Solu- Temperature. | Time. ‘St[e}?l%lll o
tion. | | '
_ ! _ |
@ ' niirn.
0-33 T0-75° C 10 ‘ Sk
011 757 10 105
0-49 ‘ 75° (. 20 ’ 10E
456 | 100° (. 30 10w

* Rammelsherg, ¢ F.—Handbueh der Mineraleheniie, 1875, p. 274,
T Janes, F. W.—The Alunite Deposits of Australia and theiv utitisation, 1917, .o,
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SOLUBILITY IN HYDROFLUOR ACTD,

No refevence conld he Tound to (he effecl of hvdrottuorie acid
on ahmnute,

Owing to the close resembianee i many respeels of alunite fo
kaolin, for which il nray he mistaken, the effect of thal reagent was
(ried to delermine 1f this acid conld be nsed to digtingnish between
the fwo minerals.

The mneral wsed for these experiments was the sane as used
For the solubility m caustic soda sohifions, betug 99 per cent. pure,

The experiments were carrvied ont in platinum vessels aud stivred
From tiwe to time. 0.5 enn Tols of (he mineral were taken and the
actd used i each ease was equal to 3 ee. 25K hydrotlnorie acid, the
resulis heme:—

Strength of Acid. Time. | Temperatare, | Al“‘“tf‘.' in Solu-
ion,
nilit,
b 15 H0° (', Complete.
L0 S 207 (. Lattle,
101 5 D07 C. Complete.
|

The solwdion of the nuneval in warm hyvdrofluorie acud is therefore
very rapid.  The solilion contains a nixture of polasht alume and
almninium [Tnoride.

SOEUBITLETY IN SULPHURIC ACTD,

Ouly one reterence was lound regarding the effeel of sulphurie

acid on alunite.  Jlanes, o oreferving (o the etfect ol acids on alu-
nite, savs: 18 soluble in strong sulphuarie acid on heatme.”

The mineral on which these experimenis were carried oul was
99 per cent. pure, with 246 per cent. IO and 90 per conl. Na, 0.
The resulls obtmned weve as Folow :-—

o, :
Stroe T P, o S . - Alunite 1n
Strength of Aeid. ; Tine, Temperature, | Sohution,
o1 ‘ I hr, 90° C. Trace,
107 1 hr. g0° Little,
36w L he 00° Much.
36u* . 10 min. i 2007 (, Complete,

* 14 was tound that on cooling the solution anhydrous sabphagez were thrown oug
ob solution.



(7

CONCLUBSIONS

(1.) Aluwite s nnaffected hy dry heat at temperatures up to
2007 C.

(2.) The decowmposition of the mineral i alum voasling is in
two stages. At 4007 ¢, the wineral loses four and a half’ molecules
of water with the formation of a basic sulphate of aluminiom and
potash, and on lurther heating to a {emperature of 500° €., the ve-
nining water is removed, forming an anbydrous hasic sulphate.
On the addition of water the basic sulphates dissociate, producing a
trie alom and precipitating alvmininm hyvdrate.

(3.) Alunite lieated to a temperature of 800° (. dissociates
completely mto potassim salphate, alumina, sulphur trioxide and
water. DPart of the sulphur {rioxide dissoeciates furilier into a niix-
fure of sulplur dioxide and oxveen.

(4.) On heating alumte to a temperature of 9G0° C., the potas-
siun sulphate formed 1 dissociated and interacts with the alumina
to form soluble pofassium aluminate, or, in the presence of silica,
msoluble potassinnm almmino-silicates.

(5.) Alunite is readily soluble in warm dilute solutions of
caustie alkal, hydrvolluovie acid, and hot strong sulpharie acid.

(6.) Alunite is slowly soluble in cold solutions of sodiam ear-
bonate, but readily soluble in warm solutions ot that reagent.

(7.0 Alunite is woderately soluble in hyvdroehlorie acid and
wirm dilute sulplineie aeid.

(8.} Alunite is sparingly soluble in water,

(9.) Alunile is attacked tairly readily by a solution of caustic
linwe, the whole of the potash passine into solulion.

(10.) Alunite is appreciably attacked by ecaleimm  carbonate
solutions.

I wish {o express my deep appreciation to my Chief, Dr. E. S.
Smnpson, who lhas given e every encouragement to pursne these
vestigations, for the ereat interest he has taken in this work, and
the way in whieh he has at all times been ready to assist me with
suggestlons awd eive advice when it was most urgently needed. 1
wish fo thank M. K. M. Joll For his caveful work and interest shown
it earryving onut the digestion experiments with caustie lime and eal-
cium  carbonate, I also wish to ucknowledge the courtesy of the
ITon, {he Minister l'ul' Mines m giving permission to publish the
fignres shown in Tables 1., 11, and TIT.
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